Abstract. In order to explain the current acceleration of the universe, the fine tuning problem of the value of Λ and the cosmic coincidence problem, different alternative models have been proposed. We use the most recent observational data from CMB (Plank 13 + WMAP 9) and LSS (SDSS, WiggleZ, BOSS, CMASS) to put cosmological constraints on different dynamical dark energy models. We employ the CMB Shift Parameter, which traditionally has been used to constrain the main cosmological parameters of the standard model ΛCDM . BAO data are also used including the cross-correlation WiggleZ-BOSS data (BW), which have the potential to strongly constrain the history of the cosmological expansion and the main properties of dark energy. Additionally we use data from Redshift-Space Distortions through Growth Parameter A(z) = f (z)σ 8 (z) to put constraints on the variance in mass fluctuations σ 8 . We study the expansion history trougth H(z), q(z) and j(z) parameters (Obtained from an expansion in Taylor series of the scale factor a(t)) with data from BAO, where we found that at low redshift appears an peculiar behavior of slowdown of aceleration, which occurs only on dynamical dark energy models. On the other hand, using the Akaike and Bayesian Information Criterion (AIC, BIC) we found that ωCDM model is the most favored by the observational tests used in this work, including data from SNIa, GRBs, Strong Gravitational Lensisng (SGL) and gas mass fraction f gas in galaxy clusters.
Introduction
Our analysis begin with the cosmological models 2, then we introduce the observational tests 3, the statistical analysis of data 4 and then we finish with the study of the history of expansion through the deceleration parameter 5. In section 6 we present the summary and discussion of results.
Cosmological models
In order to put constraints on DE cosmological models we need to calculate the theoretical angular diameter distance of the model and then compare it with the observations. The angular diameter distance for a Friedmann-Lemaitre-Robertson-Walker (FLRW) model universe, for a source at redshift z is
where h = H 0 /100kms −1 Mpc −1 is dimensionless Hubble parameter and the function sin ς(x) is defined such that it can be sinh(x) when Ω k > 0, sin(x) when Ω k < 0 and x when Ω k = 0 [52] . At present, all the signs of dark energy come from the measurements of expansion rate of the universe H(z), which gives us its evolution and thus the history of the expansion. In standard FLRW cosmology, the expansion rate as a function of the scale factor H(a) is given by the Friedmann equation as:
where H(a)/H 0 = E(a, Ω i ), H 0 is the curent value of the expansion rate and the scale factor is related to redshift as 1 + z = a −1 . In the equation (2.2) Ω i is the current energy density divided by today's critical density ρ cri = 3H 2 0 /8πG, In the form of the i-th component of the fluid density of: radiation (Ω r ), matter (Ω m ), curvature (Ω k ) and dark energy (Ω X ). The ratio of the pressure to the energy density ω(a) = p(a)/ρ(a) is the EoS of dark energy, the which divide our models into two cases: in one the energy density of the fluid is constant and in the other the energy density of the fluid is dynamic. In all cosmological models, the density parameter of curvature is free Ω k and on which constraints are obtained. For each model of dark energy corresponds a vector of parameters Θ model i = {θ i , Ω i }, where θ i = {h, σ 8 } and Ω i = {Ω r , Ω m , Ω k , Ω x } is multicomponent fluid for the analysis of the present work.
ΛCDM model
We begin our analysis with the standard cosmological model. In this paradigm, the DE is provided by the cosmological constant Λ, with an EoS, such that w = −1. In this model the dimensionless Hubble parameter E 2 (z, Θ) is given by E 2 (z, Θ) = Ω r (1 + z) 4 + Ω m (1 + z)
where Ω m and Ω X = Ω Λ = 1 − Ω m − Ω k − Ω r are the density parameters for matter and dark energy respectively and Ω r is the radiation parameter. The parameter vector is Θ ΛCDM i = {h, σ 8 , Ω m , Ω k } and the best fit is shown in Table 1 .
Λ Cold Dark Matter model h=0.6961 ± 0.0021 σ 8 =0.761 ± 0.019 Ω m =0.2867 ± 0.0032 Ω k =0.00024 ± 0.0011 Table 1 . Best fit parameters Θ i with all data set to ΛCDM model.
Note that the parameter σ 8 enters into our analysis as a free parameter and from now in all cosmological models. This parameter represents the amplitude of the fluctuations of galaxies and is obtained from the Growth Parameter of structure A obs (z). Using a chi square estimate we find that σ 8 = 0.761 ± 0.019 (see Figure 3 , top-right), this result is compatible with the obtained from [1] , [2] , however PLANCK15 reports a lower uncertainty. Aditionally our best fit value for the dark energy density divided by the critical density today with 68% confidence is Ω Λ = 0.7095 ± 0.0054, that is according with the limits reports by [2] . The value of cosmological constant in this work is positive and different from zero (Λ = 1.5277 ± 0.0092 × 10 −35 s −2 ), This value of Λ is consistent with measurements obtained by the High-Z Supernova Team and the Supernova Cosmology Project [65] [32] . Some derived parameters for this model are showed in Table 7 .
To see the evolution of cosmic acceleration we plot the deceleration parameter q(z) in the Figure 4 . As expected, q(z) has negative values at late times (q 0 = −0.67), and positive values at an earlier epochs. The transition from one decelerated expansion phase to an accelerated occurs at z ∼ 0.92 using data from Baryon Acoustic Oscillations (BAO), in accordance with previous works [31] .
wCDM model
An extension of the standard model where Λ has w = −1 is to consider that the EoS still is constant but its value can deviate of −1. In this case the dimensionless Hubble parameter E 2 (z, Θ) for a FLRW universe with curvature reads as
where
In this model the set of free parameters are
The best fit values are showed in the Table 2 .
ω Cold Dark Matter model h=0.6945 ± 0.0021 σ 8 =0.742 ± 0.020 Ω m =0.2893 ± 0.0033 Ω k =−0.0038 ± 0.0020 ω=−1.091 ± 0.031 Table 2 . Best fit parameters Θ i with all data set to ωCDM model. The Figure 3 shows the diagram of statistical confidence in the space of parameters (Ω m -ω) (top-left) and (h -σ 8 ) (top-center) to ωCDM model, where we can see that ΛCDM model (ω = −1) is discarded to 3σ combining all data sets. The result obtained in [75] (w = −0.990 ± 0.041) is outside of our restriction to 3σ, however, the constraints obtained by [1] to ωCDM (w = −1.13
+0.13
−0.10 ) are in good agreement with our work to 1σ. Recently in [2] the result obtained for the equation of state of the ωCDM model is w = −1.006 ± 0.045, whose lower limit is consistent with our restriction to 2σ. Figure 4 shows the evolution of the deceleration parameter q(z) as a function of redshift. A transition from one decelerated expansion phase to an accelerated occurs at z ∼ 0.86 using only data from Baryon Acoustic Oscillations (BAO). Therefore ωCDM model predicts an accelerated expansion of the universe consistent with the cosmological observations, which is consistent with works previously reported [75] .
Chevalier-Polarski-Linder model
Other extension to the standard scenario is allowing that equation of state of dark energy varyies with redshift via some parametrization. One of the most popular is the ChevallierPolarski-Linder (CPL) parametrization [33] [58] given by
where w 0 y w 1 are constants to be fitted. The dimensionless Hubble parameter E(z) for CPL parametrization can be expressed as 6) where
The free parameters to be constrained are
The best fit values using all the observational tests are showed in the Table 3 .
Chevalier-Polarski-Linder model h=0.6952 ± 0.0022 σ 8 =0.737 ± 0.020 Ω m =0.2897 ± 0.0038 Ω k =−0.0080 ± 0.0024 ω 0 =−0.90 ± 0.13 ω a =−1.13 ± 0.85 Table 3 . Best fit parameters Θ i with all data set to CPL model.
The Figure 3 (down-left) shows the diagram of statistical confidence to 1, 2 and 3 sigma in the space of parameters (ω a −ω 0 ) for the CPL model. Note that the limits on h, Ω m and σ 8 using all cosmological data are compatible with those obtained in [75] and [1] . However, there is tension for the constraints on Ω k , ω 0 and ω a , due to the degeneracy between the curvature and the state equation. Recently [1] combine Planck+WP+BAO gets ω 0 = −1.04 +0.72 −0.69 , which is in good agreement with our estimates. The CPL cosmological model is reduced to ΛCDM when ω 0 = −1 and ω a = 0, however, we can see that the cosmological constant is outside the contour to 3σ in our analysis (Figure 3 , down-left). The main physical parameters derived for this model are found in Table 7 , which are very close to the reference model ΛCDM .
The point of transition from one decelerated phase to an accelerated phase occurs at z ∼ 0.85 using only BAO data, which is showed in the Figure 4 . Furthermore, there is a point at z ∼ 0.11, where the expansion reaches its maximum acceleration, and then begin to slow down the acceleration at the current epoch (q 0 = −0.48). This slowing-down acceleration phase was found by [74] and [30] using SNIa data and recently by Cárdenas, Bernal & Bonilla [29] using only f gas . This feature is presented as a anomalous behavior at low redshift [29] [59].
Interacting Dark Energy model
In interacting dark energy (EDE) models there is a relation between the energy density of dark energy ρ x and the energy density of dark matter ρ m that could alleviate the cosmic coincidence problem. For this, the general approach is common to introduce an interacting term in the right side of continuity equations in the following way [9, 25, 26, 39, 49] 
where w x is the equation of state of dark energy and δ is a constant interacting term to be fitted with the observations. Thus, the dimensionless Hubble parameter for this interacting model is as follows
This model is characterized by six parameters
We show the best fit values of these parameters in Table 4 . Interacting Dark Energy model h=0.6873 ± 0.0028 σ 8 =0.715 ± 0.019 Ω m =0.3275 ± 0.0039 Ω k =0.0030 ± 0.0022 ω x =−1.059 ± 0.037 δ=−0.0063 ± 0.0024 Table 4 . Best fit parameters Θ i with all data set to IDE model.
In this case the Figure 3 (down-center) shows the parameter space for δ y ω x at 1σ, 2σ and 3σ of statistical confidence. The ΛCDM is recovered when ω x = −1 and δ = 0. however, our results show that the model ΛCDM is discarded to 3σ level of statistical confidence. On the other hand, If the term coupling in equation (2.8) takes on a negative value (δ < 0) this corresponds to a transfer from dark matter to dark energy, whereas a positive coupling term (δ > 0) implies the opposite and we can see that the transfer of dark matter to dark energy is favored in this work. The present analysis of the EoS of dark energy shows a phantom behavior ( omega x < -1), result consistent with those obtained by [75] .
The transition state decelerated-accelerated occurs approximately at redshift z ∼ 1.06 as can be observed in Figure 4 , using only BAO data. The analysis of the deceleration parameter q(z) shows an anomalous behavior (slowdown of acceleration) at very low redshift (almost currently), which it is evident from the fast change of the slope of q (z) from z ∼ 0.5 to z ∼ 0.0.
Early Dark Energy model
In the early dark energy (EDE) scenarios it is proposed that the energy density of dark energy can be significant at high redshifts. This can be if the dark energy tracks the dynamics of the background fluid density [78, 87] . These models could ameliorate the coincedence problem of the cosmological constant. Here, we generalize the EDE model proposed by [40] adding a curvature term. The dimensionless Hubble parameter for this EDE model is
where Ω X is given by 
The best fit of these parameters is shown in Table 5 .
036 Ω e =0.014 ± 0.010 Table 5 . Best fit parameters Θ i with all data set to EDE model.
Using the bayesian analysis we found Ω e = 0.014 ± 0.010 (see Figure 3 , down-right), which is in accordance with [40] reporting a Ω e < 0.04 by using a combination data from WMAP+VSA+CBI+ BOOMERANG+SDSS+SNIa and is also in agreement with [66] , who reports a constraint Ω e < 0.015 at 95% confidence level. In Figure 3 (down-rigth) we can see that the model ΛCDM (Ω e = 0, ω 0 = −1) is discarded even at 3σ.
The deceleration parameter q(z) has a transition phase acelerated-decelerated to z ∼ 0.73, moreover, q(z) shows the same anomalous behavior of slowdown of aceleration that CPL and IDE models for low redshift using only data from BAO, in this case at z low ∼ 0.05.
Cosmological test
Fluctuations in the matter and radiation density include dark matter Ω m , baryon matter Ω b and photons Ω γ , which interact with each other through gravitational potential created by themselves [41, 56] . These fluctuations grow through gravitational instability as the universe expands, then decouple to form on the one hand, the Cosmic Microwave Background (CMB) and on the other hand, the Large Scale Structure (LSS) of the Universe. In the early universe the radiation was hot enough to ionize hydrogen and due to the Thomson scattering it is coupled to the baryons, forming one photon-baryon fluid. The radiation pressure of photons opposes the gravitational compression of the fluid producing a harmonic motion, whose amplitude perturbations does not grow but slowly decays, establishing thus the so-called Baryon Acoustic Oscillations (BAO). The gravitational driving force is due to the Newtonian potential, where overdensities of photon-baryon fluid produce oscillations, which determines the characteristic patterns of fluctuations in the power spectrum of matter and radiation [88] . Subsequently photons are diluted with the expansion and stream out of potential wells. Although effectively without pressure, the baryons still contribute to inertia and gravitational mass of fluid, which produces a change in the balance of pressure and gravity, then the baryons drag photons in potential wells. Previous to z drag , perturbations in the photon-baryon fluid propagate as acoustic waves with speed of sound c s , which at the epoch of drag define a sound comoving horizon r s . At recombination epoch (z cmb ), photons decoupled from matter, where baryons can now constitute neutral elements and radiation is scattered for last time, forming the so-called CMB [41] . The resultant fluctuations in CMB, which are observed in radiation maps with anisotropy of the order of ∆T /T ∼ 10 −5 , are better studied in its power spectrum.
In the following we present the details of the main observational sample: CMB by using Shift parameter R; BAO by means of Distance Ratio Scale D v (z)/r s and growth of LSS through Redshift-Space Distortions A(z) = f (z)σ 8 (z), that we adopt in order to constrain the free parameters of the different cosmological models presented in the previous section, Including the calculation of some derived parameters which are presented in Table 6 , with their corresponding definition and/or physical meaning.
CMB
A particular cosmological test to probe dark energy is the angular scale of sound horizon (r s ) at time of decoupling (z cmb ∼ 1090), the which is encrypted in the location l T T 1 of the first peak of the CMB power spectrum. We include CMB information of WMAP 9-yr and Planck 13 data [1, 51] to probe the expansion history up to the last scattering surface. The χ 2 for the CMB data is constructed as
Here l A is the "acoustic scale" defined as Dimensionless photon density parameter Ω ν Dimensionless neutrino density parameter (
Effective number of relativistic neutrino degrees of freedom
Physical dark matter density
Physical baryon density
Comoving size of sound horizon z drag
Redshift at which baryon-drag optical depth equals unity r drag = r s (z drag )
Comoving size of the sound horizon at
Angular scale of sound horizon at recombination (z cmb ) Table 6 . Cosmological parameters used in the analysis. For each, we give the symbol and summary definition. The top block contains free parameters used for each cosmological model. The lower blocks define various derived parameters.
/H 0 and the redshift of decoupling z cmb is given by [54] ,
The "shift parameter" R defined as [22] To Planck 13 data we obtained:
where ω b = Ω b h 2 and Ω b = 0.045 for this work. The inverse covariance matrix for (l A , R, ω b ) is how follow: 
BAO
The large scale correlation function measured from 2dF Galaxy Redshift Survey and SDSS redshift survey, displays a peak which was identified with the expanding spherical wave of baryonic perturbations from acoustic oscillations at recombination and comoving scale of about 150h −1 M pc [36, 44] . Baryon Acoustic Oscillations (BAO) are periodic fluctuations in the density of radiant matter (baryonic), which were printed in the primordial plasma (photon-baryon) before decoupling and as standard rules provide a powerful tool to measure the properties of dark energy [14, 88] . We use the recent results presented by Beutler et al. in [17] . The χ 2 for BOSS-WiggleZ (BW) BAO data is given by: 
where the sound speed
14)
and T CM B = 2.726K. The redshift z drag at the baryon drag epoch is fitted with the formula proposed by [43] , which takes into account the BAO measurements from the cross-correlation between CMASS (BOSS) and the WiggleZ samples, including high redshift WiggleZ data point [17] . Similarly, for the SDSS DR7 BAO distance measurements, the χ 2 can be expressed as [64] 
Here, r s (z) is the comoving sound horizon as above. C For the 6dFGS BAO data [15] , there is only one data point at z = 0.106, the χ 2 is easy to compute:
The total χ 2 for all the BAO data sets thus can be written as Figure 1 shows the Hubble diagram corresponding to the data points for BAO and the model that best fits to the data (ωCDM ) with error propagation to 1 − σ.
LSS Growth Rate
The Large Scale Structure (LSS) of the universe is made up of huge empty, sheets, filaments, clusters of galaxies and superclusters, also known as cosmic web. These structures evolved from a homogeneous and isotropic universe and can in principle be treated theoretically as huge deviations from the mean density in the perturbation theory. We can define the linear matter density contrast as: δ(r, t) ≡ δρ(r, t)/ρ(r, t), where ρ(r, t) is the mean density of matter (background) and δρ(r, t) is the first order perturbation. The dynamics of the cosmic Hubble expansion H(t) is driven by the gravitational field of the mean matter density ρ(r, t), while the density fluctuations δρ(r, t) produce an additional gravitational field. We can consider overdensed (δρ(r, t) > 0) and underdensed regions (δρ(r, t) < 0), e.g. super galaxy clusters and voids. In overdensed regions the gravitational field is stronger than in the cosmic average and therefore, due to this excess of self gravity, the overdensed region will expand more slowly than the average Hubble expansion. In an underdensed region the gravitational field is weaker than in the cosmic mean and therefore, the expansion is slow down less than in the cosmic mean. Overdense regions increase their density contrast over the course of time, while underdense regions decrease their density contrast. In both situations, |δ| increased with time. Then, the characterization of growth of the density perturbations can be made assuming the following relationship δ(r, t) = D(t)δ 0 (r), where D(t) is the linear Growth Factor Structure and δ 0 (r) is an arbitrary function of the spatial coordinate. Under the assumption that general relativity is the correct theory of gravity (G ef f (a) = 1) [61, 77, 84] , we use D(a) in order to characterize the growth of structure, which is obtained numerically of the following differential equation:
where dots denote differentiation with respect to the scale factor and we assume the initial conditions D(0) = 0 andḊ(0) = 1 for the growing mode. the solution δ(r, t) = D(t)δ 0 (r) indicates that in linear perturbation theory the spatial shape of the density fluctuations is frozen in comoving coordinates and only their amplitude increases. The linear Growth Factor Structure D(t) of the amplitude follows a simple differential equation (3.24) . Through of the Growth Rate Data f (a) ≡ aḊ(a)/D(a) we get an observational stimate. We use the Growth Parameter A(z) = f (z)σ 8 (z) to constrain cosmological models through:
where A obs (z i ) is the observed structure factor and σ 8 (z) is rms mass fluctuations in 8h −1 Mpc spheres. The growth structure data used in this paper are obtained from the following projects: PSCz, 2dF, VVDS, SDSS, 6dF, 2MASS, BOSS and WiggleZ galaxy surveys (Table  12, Figure 2 shows the results of analysis, where the gray area is the error propagation to 1−σ for ωCDM model using the constrain on σ 8 . In this paper an independent constraint on σ 8 was performed for each cosmological model and whose best fit was the one for the ΛCDM model, with a value of σ 8 = 0.742±0.019 (See Figure 3) . As complementary tests we use Mass Gas Fracction (f gas ), GRBs, Strong Gravitational Lensing and SNIa (Union2.1) (See appendix A).
Method and data analysis
4.1 Maximum likelihood L max and confidence level σ i .
Maximum likelihood L max , is the procedure of finding the value of one or more parameters for a given statistic which makes the known likelihood distribution a maximum. The maximum likelihood estimate for the best fit parameters Θ m i is
which is our case [10] . So, for our analysis: Table 7 . Derived parameters for different cosmological dark energy models. We assume Ω b0 = 0.045 [55] and N ef f = 3.04 [1] for all cosmological models.
Fisher matrix, error propagation and uncertainties.
The Fisher matrix is widely used in the analysis of the constraint of cosmological parameters from different observational data sets [6, 89] . They encode the Gaussian uncertainties of the several parameters Θ m i . Given the best fit χ 2 min , the Fisher matrix can be calculeted as:
where p i and p j are the set of free parameters in each cosmological model. In the extended form we have:
, for the present analysis. The inverse of the Fisher matrix is the covariance matrix:
where σ i and σ j are the uncertainties associated with each cosmological parameters p i and p j , to a level of statistical confidence of 1σ. The uncertainties are obtained as (It is still in the study phase) . The main goal of this mission is to test the properties of dark energy following the guidelines of the Dark Energy Task Force (DEFT) [5] , which was established by the Astronomy and Astrophysics Advisory Committee (AAAC) and the High Energy Physics Advisory Panel (HEPAP) as a joint sub-committee to advise the NASA, DOE and National Science Foundation (NSF) on future dark energy research [5] . Within the main tasks proposed for this observational mission include: 1) Determine whether the accelerating expansion of the universe is consistent with a cosmological constant. 2) Measure as well as possible any sign of evolution with time of the density of dark energy. 3) Search for possible failure of general relativity comparing the effects of dark energy on the expansion with the effect of the same on the growth of structures at different scales. This work maintains the same spirit of the DEFT, especially in points a) and b), as shown by the results of the following sections.
Statistical discrimination models.
As mentioned before, we must give tight constraints on the parameters of the several models to discern among them which one is the most favored by the observations. To do that is not enough to calculate the best fit, we need to compare the models with each other using an appropriate statistical criterion. In this paper we use the Akaike information criterion (AIC; [3] ) and the Bayesian information criterion (BIC; [73] ), which allow to compare cosmological models with different degrees of freedom, with respect to the observational evidence and the set of parameters [57] . The AIC and BIC can be calculated as
where L max is the maximum likelihood of the model under consideration, k is the number of parameters. It is worthy to note that BIC considers the number N of data points used in the fit. Thus, it imposes a strict penalty against extra parameters for any set of data ln N > 2. The prefered model is that which minimizes AIC and BIC. However, the absolute values of them are not of interest, only the relative values between the different models. Therefore the "strength of evidence" can be characterized in the form ∆AIC = AIC i − AIC min ∆BIC = BIC i − BIC min , where the subindex i refers to value of AIC (BIC) for model i and AIC min (BIC min ) is the minimum value of AIC (BIC) among all the models [24, 70] . We give the judgements for both criterion in Tables 8 and 9 Thus, if we have a set of models of dark energy first we should estimate the best fit χ 2 . Then we can apply the AIC and BIC to identify which model is the prefered one by the observations hence to the nature of dark energy. We also use the χ 2 red = χ 2 min /ν as criterion of good-fitting, for which the degrees of freedom are given by ν = N − k, where the best model is that one whose value of χ 2 red is closet to one.
∆AIC Level of Empirical Support For Model
Considerably Less > 10 Essentially None Table 8 . ∆AIC criterion. Table 10 shows the values of χ 2 min , AIC and BIC for the DE models from all cosmological tests. Notice that the ωCDM model gives the lowest value of AIC and BIC, therefore, we concluded that is the cosmological model most favored by observational data, as it can also be analyzed in Table 7 . The ∆AIC and ∆BIC values for the other models are measured with respect to ωCDM . Following [75] , we can classify the DE models in four groups: group 1, the model that shows a substantial level of empirical support and not worth more than a bare mention of evidence against to ωCDM ; group 2, considerably less level of empirical support and some positive evidence against to ΛCDM ; group 3, substantial level of empirical support and some strong evidence against to CPL model; group 4, essentially none substantial level of empirical support and very strong evidence against to IDE and EDE models.
∆BIC
Evidence Against Model i 0 − 2 Not Worth More Than A Bare Mention 2 − 6 Positive 6 − 10 Strong > 10 Very Strong
Deceleration parameter
In this section we introduce of the most popular cosmological tests, which can help us to uncover some signs of the nature of dynamic dark energy.
It is natural to describe the kinematics of the cosmic expansion through the Hubble parameter H(t) an and its dependence on time, i.e. the deceleration parameter q(t). Following to [21] the scale factor a(t) expands into a Taylor series around the current time (t 0 ) as:
where in general we can have a kinematic description of the cosmic expasion through the set of parameters:
To characterize whether the universe is currently accelerated or decelerated, the history of expansion is fit through deceleration parameter q(z) ≡ −ä(z)/a(z)H(z) 2 . If q(z) > 0, a(z) < 0; then the expansion decelerate, as expected due to gravity (i.e. dark matter, baryonic matter, radiation). The discovery that the universe is currently accelerating, already has about one decade and a half old [65] [69] . The simplest explanation for the accelerating universe is the cosmological constant Λ, however, there is still no compelling theoretical explanation based on physical foreground and not only phenomenological. To take account information about the dynamics of the expansion we to use (2.2) and (5.2), then we obtain
which directly depends on the cosmological model and its matter-energy content. In general, if Ω X = 0 is sufficiently large (i.e. Ω X > Ω m ), then q(z) < 0 andä(z) > 0, which corresponds to an expansion accelerated the universe as shown by observational data at present, which also indicates a cosmological constant different from zero (see Table 7 ). If the acceleration of the universe is driven by a new fluid, then it is important to identify signs to determine if the energy density of the fluid is constant or dynamic. Table 11 . The best fit values for the free parameters using the only BAO data set. Figure 4 shows the plot of the deceleration parameter q(z) using only data from BAO (See Table 11 ). As expected, the models studied give q(z) < 0 at late times and q(z) > 0 at earlier epoch, which means that the history of the expansion is slowed down in the past and speeded up at present. All cosmological models presents a redshift of transition (z t ) between the two periods (see Figure 4) , however, all models of dynamical dark energy present an interesting behavior of slowing down of acceleration at low redshift (late times) using only data from BAO, which can be characterized through the change of sign of the parameter j(z) (CPL: j(z low ) → 0, when z low ∼ 0.11; IDE: j(z low ) → 0, when z low ∼ 0.00; EDE: j(z low ) → 0, when z low ∼ 0.05). We can interpret j(z) as the slope at each point of q(z), which indicates a change in acceleration. This result is consistent with the one presented by J. Barrow, R. Bean and J. Magueijo [13] , who raises the possibility of a scenario consistent with the current accelerating universe and does not involve an eternal accelerated expansion. In [21] extensive analysis it is made of this possibility. This can be also a clear behavior of dynamical dark energy at low redshift in this models with variation of the density of dark energy over time.
Summary and discussion
In this paper we perform the study of the history of the of cosmic expansion through the H(z), q(z) and j(z) parameters with data from SDSS, WiggleZ, BOSS and CMASS, using BAO distance ratio scale r s /D v (z). We find new evidence presented in previous work, showing peculiar behavior of the deceleration parameter q(z) in later times (z low < 0.5), which indicates through the change of sign of the parameter j(z) (+→ -), that the universe could decelerate in the near future ( Figure 4 ). This phenomenon raises the possibility that an accelerated expansion does not imply the eternal accelerated expansion, even in the presence of dark energy. This anomalous behavior is present only in models with dark energy density varying with the time. This behavior is possibly due to the dynamics of the dark energy density in this class of cosmological models, which in principle can be a sign of evolution with time of the density of dark energy and could distinguish from a constant density of dark energy. However, Figure 4 shows that Λ still can not be ruled out in this analysis, since all models are in the region of error propagation to 1σ of ωCDM and would have to make a deeper analysis , for example by including other observational evidence for better restriction, which will be presented in next paper.
In the study of the comparing different cosmological models of dark energy we use the most recent observational data. This data includes statistical combination of CMB (Plank 13 + WMAP 9), BAO (SDSS, WiggleZ, BOSS and CMASS), A(z) (PSCz, 2dF, VVDS, SDSS, 6dF, 2MASS, BOSS and WiggleZ), SNIa (Union 2.1), GRBs, SGL and f gas . By using these data sets, we obtained the best-fit parameters for different cosmological models. We use the information criteria including the ∆AIC and the ∆BIC, to compare different models and to see which is the most favored by current observational data. Our analysis shows that ωCDM dark energy model is preferred by Bayesian and Akaike criterion. By first time we report that observational data are in favor of the cosmological model ωCDM and very close to being in favor of models of dynamical dark energy as Chevalier-Polarski-Linder model, which is better than ΛCDM for ∆AIC (See Table 10 ). In Table 2 and Figure 3 we can see that ΛCDM model (ω = −1) is excluded to a level of statistical confidence of 3σ (ω = −1.091 +0.051 −0.059 ) combining all observational data for the present analysis and also from all other cosmological models. We include the parameter information that are commonly used in the characterization of models of the universe, with error propagation 1 sigma from the constraint of free parameters for each cosmological models of dark energy presented in Table 7 .
Assuming that general relativity is the correct theory of gravity, we used measures of the growth parameter A(z) (See Table Appendix B) to put independent constraints on variance in mass flucuaciones σ 8 = 0.742±0.019. We are able to break the degeneracy between Ω m and σ 8 , through the use of the equation (3.24) , to thereby achieve a good independent constraint. Constrain as best as possible this parameter is very important in cosmology because through its the normalization of the power spectrum of the matter is done. where f gas is observational gas mass fraction data [8] , f ΛCDM gas (z) is the gas mass fraction of the cosmological models tested and σ fgas is the error of data [7] . In the former expression we have considered constant values for b = 0.824 [45] and Ω b = 0.045 [55] .
A.2 SNIa
Here, we use the Union 2.1 sample which contains 580 data. The SNIa data give the luminosity distance d L (z) = (1 + z)r(z). We fit the SNIa with the cosmological model by minimizing the χ 2 value defined by
where µ(z) ≡ 5 log 10 [d L (z)/Mpc] + 25 is the theoretical value of the distance modulus, and µ obs is the corresponding observed one.
A.3 Gammay-ray Burst Data
We add gammay-ray burst (GRB) data to our analysis, since these are complementary in redshift range to the SNIa data. We use GRB data in the form of the model-independent GRB distance measurements from [85] , which were derived from the data of 69 GRBs with 0.17 ≤ z ≤ 6.6 from [72] and recently used in [23] to constrain holographic dark energy models. The GRB data are included in our analysis by adding the following term to the given model: where r(z) is the comoving distance at z.
A.4 Gravitational Lensing
The fit of the theoretical models to strong lensing observations can be found by the minimization of where the sum is over the sample and σ 2 D,i denotes the variance of D obs i . Here, we use a sample of 80 strong lensing systems by [18, 19] which contains 70 data points from SLACS and LSD and 10 data points from galaxy clusters. 
B Section in Appendix

